INTRODUCTION
In traditional ultrasonic imaging systems, a transducer is scanned across the surface of a specimen at constant intervals. Synthetic aperture focusing techniques (SAFf) have been utilized extensively to process the RF data in order to enhance the signal-to-noise ratio of the image [1] . However, the implementation of the algorithm using sampled RF data has the disadvantage of requiring large memory and high-speed devices. These requirements can be reduced by using the envelope of the RF signal which involves processing the baseband signal. The envelope detection can be easily implemented as part of the receiver circuit. Traditionally, SAFf has been performed by focusing the ultrasonic beam on the surface of the specimen. The need for negative focusing, or focusing below the surface, arises at high frequencies when it becomes necessary to minimize attenuation in the coupling medium. This may result in the point of interest being located in the near field of the transducer. For the purpose of this study, we assume that it is close enough to the near field/far field transition point thereby allowing us to perform SAFf with the proposed model.
In previous work, we have reported a modified SAFf algorithm to incorporate the effects of the lens geometry and the ray paths when negative focusing is employed [4] .
The geometry of the problem is shown in figure 2 . For an arbitrary point of focus P, we have shown that the value of a can be evaluated by solving the equation
where Cs and Cw are the velocities of the longitudinal sound waves in the specimen and water, respectively. Using the paraxial approximation e can be evaluated by solving:
Using equation (1) or (2), the TOF between the lens and point of interest (P) can be found for all possible transducer positions. SAFf is then performed using the difference in TOF between these different positions and the reference position. SAFT USING THE ENVELOPE Figure 3 shows an asynchronous envelope detection circuit which simply consists of a diode, a capacitor and a resistor. The detection circuit generates an output approximating the envelope of the received RF signal. We assume the excitation signal and the transducer to be very narrowband. Consequently the received signal can be expressed, as a fIrst approximation, as x(t) = met) cos oot (3) where met) is the envelope of the signal and 00 is the center frequency of the spectrum of the RF signal. The envelope detection circuit in fIgure 3 can be viewed as a rectifIer followed by a low pass filter. The rectified signal is therefore: I x(t) I = I met) II cos ootl (4) Using the series expansion, I x(t)1 can be expressed as: where en = H(nroo), H(ro) is the frequency response of the filter. Since H(nroo) is negligibly small for large values of n, the envelope function can be expressed as: (7) It is clear that y(t) retains synchronization information. Figure 4 shows the experimental setup to test the SAFT algorithm. A cylindrical hole is drilled through an aluminum block and a spherical lens transducer is used to scan the specimen.
RESULTS
SAFT is first performed using the RF data. Figure 5 shows the image reconstruction for different fields of view. It is evident that SAFT improves the SNR of the image, and that this improvement is proportional to the aperture over which SAFT is perrormed.
When SAFT is perrormed using the envelope, a similar trend in the improvement of the SNR is noticed. Figure 6 shows satisfactory results in perrorming SAFT using the envelope. The quality of the images is better when utilizing the RF data instead of the envelope. Although the perrormance obtained with the envelope is inferior, this is offset by the advantage of cost reduction. The cost reduction stems from the ability to use a slower AID converter and minimizing storage and processing time requirements. 
CONCLUSION
A signal processing scheme using asynchronous envelope detection of ultrasonic signals is analyzed. It is shown that this method of obtaining the envelope does not result in loss of the synchronization information of the RF signal. Consequently, the SAFf algorithm incorporating the effect of negative focusing can be applied to the envelope as well as to the RF data. Results demonstrating the validity of the approach in improving SNR of the image are presented. Although utilizing the RF data results in a slightly better image, using the envelope is justified, considering the savings in system cost
